Materials and methods

Materials
Distilled water was prepared in the laboratory. Ultra-high purity CH 4 (99.999%) was supplied by KOREA NOBLE GAS Co. (Korea), and the NG mixture (CH 4 93.0%, C 2 H 6 5.0%, C 3 H 8 2.0%) was obtained from PS CHEM Co. (Korea). The chemicals used in this study, including glycine, L-alanine, L-serine, L-proline, polyvinyl pyrrolidone (PVP), and tetrahydrofuran (THF) were purchased from Sigma-Aldrich, USA. All chemicals were of reagent grade (≥99%) and used without further purification.
Crystal morphology observation
THF hydrate crystals were synthesized by using a glass pipette (Fig. S1 ). The experimental procedure was similar to that in previous reports 1, 2 . A glass test tube was filled with an aqueous THF solution with a concentration of 5.56 mol%, and closed with a rubber stopper coupled with a glass pipette. The test tube was then immersed in an ethylene glycol bath to maintain its temperature at 276.15 K. This temperature is 1.4 K above the phase equilibrium temperature of THF hydrates under atmospheric conditions 3 . To initiate THF hydrate formation, a thin Cu wire cooled in liquid N 2 was inserted into the glass pipette. As the growth front reached the end of the glass pipette, a small THF hydrate crystal grew into the aqueous phase. This procedure was repeated with aqueous THF solutions containing either 0.1 mol% of each amino acid or 0.5 wt% PVP. . Experimental system for THF hydrate crystal morphology observation.
Model amino acids
Each amino acid has different characteristic physical and chemical properties, which strongly depend on its side chains. The properties of the amino acids tested in this study are summarized in Table S1 . Table S1 . The physicochemical properties of the model amino acids.
a Solubility values were obtained from previous reports [4] [5] [6] .
b Hydrophobicity values were obtained from a previous report 7 .
c Acid dissociation constants at 273.15 K were calculated by using the Van 
Lattice parameter calculations
The lattice parameter values were calculated from the PXRD patterns by performing profile matching 11 with the FullProf program 12 . 
In situ Raman spectra
The in situ Raman spectra of the CH 4 ( Fig. S2 ) and NG hydrates ( 
Quantitative analysis of hydrate phase equilibrium data
The ΔT and ΔP values were calculated by performing quantitative analyses of the hydrate phase equilibrium data. Table S10 . Quantitative analysis of the NG hydrate phase equilibrium data.
gly 0.5 mol% 
Experimental investigation of THF hydrate crystal morphologies
The morphologies of THF hydrate crystals were investigated. Pure THF hydrate crystals are octahedral (Fig. S6a) because their (111) faces are the slowest growing planes 1,2 .
In the presence of PVP, THF hydrate crystals are planar (Fig. S6b) 
